METHODS
The design of the Heart Outcomes Prevention Evaluation (HOPE) trial has been described in detail in previous publications. Briefly, individuals who were 55 years or older with no evidence of left ventricular dysfunction or heart failure and who had evidence of vascular disease or who had diabetes and 1 other risk factor were eligible as long as they had no indication or contraindication to receiving an ACE-inhibitor. The study was conducted in 267 hospitals in 19 countries from 1994 to 1999. All patients provided written informed consent.
Of 10576 eligible patients who participated in a run-in period during which they received 2.5 mg ramipril once daily for 1 week followed by matching pla-cebo for 10 to 14 days, 1035 (9.8%) were excluded from randomization (3.2% for side effects, 3.7% for lack of consent). Of the remaining 9541 patients, 3654 (38.3%) had a clinical diagnosis of diabetes and 5887 (61.7%) did not at randomization. This article focuses primarily on the latter group of patients. Of these patients, 5720 were randomized to receive up to 10 mg of ramipril once per day or equivalent placebo. One hundred sixty-seven patients who were randomized to receive a low dose (2.5 mg/ day) of ramipril as part of the Study to Evaluate Carotid Ultrasound changes with Ramipril and Vitamin E (SECURE). Substudy results are not included. All patients were also randomized to receive 400 IU of vitamin E or placebo.
Follow-up visits occurred at 1 month and 6 months after randomization and then every 6 months (mean follow-up of 4.5 years). At each visit, we documented whether the diagnosis of diabetes had been made since the previous visit.
The primary outcome of this analysis is a new diagnosis of diabetes recorded on the basis of self-report. This diagnosis was made blinded to treatment allocation and, hence, is likely to be unbiased. Hemoglobin A 1c (HbA 1c ) levels and medications used among those diagnosed as having diabetes were also recorded. The HbA 1c levels were determined locally. Values higher than 110% of the upper limit of normal for each laboratory were considered to be biochemical confirmation of diabetes.
Survival curves utilizing the Kaplan Meier and log-rank procedures were used to describe and compare the results in the 2 treatment groups. Because of the factorial design, all analyses were stratified for randomization to vitamin E or placebo. Subgroup analyses were conducted using tests of interaction in the Cox regression model.
RESULTS
The baseline characteristics of the patients who did not have diabetes are provided in Because ramipril reduced the risk of cardiovascular events and diabetic nephropathy, we assessed whether the higher occurrence of these clinical events in placebo-treated patients increased the likelihood of ascertainment of diabetes in this group. Similar stratified analyses by the occurrence of other outcomes was also examined. As noted in TABLE 2 the impact of ramipril on the development of diabetes could not be explained by any confounding factor such as preferential ascertainment in one group vs the other or use of concomitant medications.
FIGURE 2 demonstrates the results among subgroups of patients with different risk factors for developing diabetes. The results are consistent among those with a waist-to-hip ratio below or above the median of 0.93 and consistent among those with a body mass index (BMI) of 27.7 kg/m 2 or less or higher than 27.7 kg/m 2 , those with or without a history or hypertension, those receiving or not receiving ␤-blockers or diuretics at randomization. A higher proportion of individuals without diabetes who were randomized to the placebo group than those randomized to the ramipril group received diuretics or ␤-blockers (drugs that are associated with glucose intolerance or diabetes) during the study. However, the RR for diabetes in the subgroup of individuals who never took these drugs during the study was consistent with the overall results (RR, 0.62; 95% CI, 0.43-0.90).
In 4074 patients weight was recorded at baseline and at study end. Weight increased by a mean (SD) of 0.98 (6.93) kg in the active group and 0.76 (8.10) kg in the control group.
COMMENT
These analyses indicate that ramipril reduces the risk of new diagnosis of diabetes among individuals with no previous history of diabetes. The magnitude of the benefit appears to be large and moreover, ACE-inhibitors also reduce macrovascular and microvascular complications of diabetes. 7 Although the data on new diagnoses of diabetes were collected prospectively in the HOPE study, it was not a primary or secondary out- 10 Among the patients with diabetes in the HOPE study, a significant reduction in HbA 1c levels during serial annual recordings occured during the first 2 years (absolute difference, 0.2%) 7 In the UK Prospective Diabetes Study (UKPDS) 5 and in the Captopril Prevention Project, 11 patients randomized to receive ACE inhibitors had lower levels of HbA 1c or less development of diabetes compared with those taking ␤-blockers or diuretics. It is not clear whether the differences in development of diabetes observed in these studies are due to a protective effect of ACE inhibitors or an adverse effect of ␤-blockers or diuretics.
Hypokalemia substantially impairs the insulin secretory response to glucose, 12 which may be favorably affected by ACE inhibitors. ACE inhibitors also lower aldosterone secretion and renal potassium wasting, which could preserve ␤-cell responsiveness. ACE inhibitors may increase islet blood flow and pancreatic ␤-cell perfusion by reducing angiotensin-2 mediated vasoconstriction in the pancreas. 13 These effects may potentially slow or reverse the decline in ␤-cell function.
ACE inhibitors may reduce insulin resistance in skeletal muscles, 14, 15 increase insulin-mediated glucose disposal thereby decreasing the need for pancreatic insulin secretion. The increased insulin mediated glucose uptake by skeletal muscle in response to an ACE inhibitor is due to increased bradykininmediated nitric oxide production and not to reductions in angiotensin 2 production or action. 16, 17 Several observations suggest that agents that increase nitric oxide (such as ACE-inhibitors) may also increase insulin-mediated glucose uptake. These observations include (1) both insulin-mediated vasodilation and skeletal muscle glucose metabolism are reduced in obese persons who do not have diabetes (ie, individuals at risk for diabetes) and in individuals with type 2 diabetes, (2) inhibition of nitric oxide production reproduces this effect in lean individuals, and (3) the effect on insulin sensitivity is greater than can be accounted for by just increased skeletal muscle blood flow. 18 ACE inhibitors may also reduce insulin resistance at the liver and fat cell, which would reduced hepatic glucose production and lower free fatty acid levels. 19 Our data suggesting that ramipril, an ACE inhibitor, reduces the risk of developing diabetes mellitus require confirmation because of the enormous clinical and public health potential of these findings. We are therefore embarking on a large prospective trial (Diabetes Reduction Assessment with Ramipril and rosiglitizone Medication [DREAM]) among individuals with impaired glucose tolerance to evaluate prospectively whether ramipril prevents diabetes.
